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PISTON RING 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention relates to a piston ring which covers a circumferential 
surface of a piston and in which retaining surfaces of the piston ring engage the top and 
bottom of the piston. 

2. Description of the Related Art 

[0002] U.S. Patent Application Publication No. US 2002/0043768 discloses a 
piston ring for covering a circumferential surface of a piston, i.e., a flat piston of a 
vibration damper. To improve the sealing function, the piston ring disclosed by this 
reference includes support segments with retaining surfaces in the area of the piston 
ring joint. However, if there is an unfavorable combination between the tolerance field 
for the diameter of the piston with the piston ring and the tolerance field of the cylinder 
of the vibration damper, a leakage gap may form in the area of the joint, which reveals 
itself as a wide range of variation in the damping forces at very high damping force 
values. It would, of course, be possible to specify even narrower tolerance fields. 
However, the piston ring is preferably an injection-molded plastic part and the 
manufacturing tolerances of the production process determine the limits of the tolerance 
fields. If the tolerance fields were to be narrowed too much, the production of the piston 
rings would be associated with a disproportionate increase in the amount of waste. 
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SUMMARY OF THE INVENTION 

[0003] The object of the present invention is to provide a piston ring for flat 
pistons in which a constant seal is ensured even when the piston is under extreme 
hydraulic loads. 

[0004] The object of the invention is met by a piston ring having a lateral surface 
for covering a circumference of a piston, the piston ring defining a joint between two 
ends of the ring which allows the ring to expand radially for assembly of the ring onto 
the piston. At least one sealing surface is arranged at the joint between the ends of the 
piston ring within the axial extent of the lateral surface, wherein the sealing surface 
extends in the circumferential direction of the piston ring. 

[0005] The leakage flow through the piston ring joint between the top and bottom 
of the piston which occurs in the known devices is effectively eliminated by providing the 
sealing surface between the ends of the piston ring. The sealing surface is designed 
within the axial extent of the lateral surface of the piston ring which faces the 
circumferential surface of the piston. Thus, in the case of a more-or-less strongly 
pretensioned piston ring, there will not be a direct flow connection between the top and 
bottom of the piston. 

[0006] In a first embodiment, the piston ring is provided at the joint with a first 
tongue fitting into a first opening and a second tongue fitting into a second opening. 
The first tongue includes retaining segments for engaging to top and bottom of the 
piston to prevent the piston ring from shifting axially on the piston during movement of 
the piston. In addition, the retaining segments also provide the piston ring with very 
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good dimensional accuracy. The second tongue and the second opening together form 
the sealing surface and thus also prevent even very small leaks through piston ring 
joint. 

[0007] The second tongue may, for example, be in series with the first tongue. 
Even in the case of a very flat piston, e.g., when the thickness of the piston small and 
therefore the lateral surface of the piston ring is rather narrow, the second tongue can 
still be made comparatively wide and is uncritical with respect to the allowable load 
capacity. 

[0008] Alternatively, the two ends of the piston ring in the area of the piston ring 
joint may each be provided with an opening and a tongue, the second tongue being 
oriented in the direction opposite that of the first tongue. In this embodiment, the joint of 
the piston ring extends over a comparatively short circumferential distance. 
[0009] In addition, the second tongue is shorter in the circumferential direction 
than the first tongue. The second tongue is therefore subjected to smaller transverse 
loads, which are applied by, for example, compressive forces acting from the top or 
bottom of the piston. 

[0010] A joint contour of especially accurate shape may be achieved when the 
two tongues extend the way from one side of the piston toward the sealing surface and 
have support segments with retaining surfaces which engage with the top and bottom of 
the piston. 

[001 1] The strength of the piston ring in the area of the joint may be optimized by 
providing the joint with a step-like contour at least within the area of the lateral surface. 
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Tongues and openings will still be provided in the joint in this case, but each of the 
tongues will then have two connecting edges for the piston ring. 
[0012] Other objects and features of the present invention will become apparent 
from the following detailed description considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the invention, for which 
reference should be made to the appended claims. It should be further understood that 
the drawings are not necessarily drawn to scale and that, unless otherwise indicated, 
they are merely intended to conceptually illustrate the structures and procedures 
described herein. 



5 



By Express Mail # EV353805944US 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] In the drawings, wherein like reference characters denote similar elements 
throughout the several views: 

Fig. 1 is a longitudinal sectional view of a vibration damper in which a 
piston ring according to the present invention may be used; 

Fig. 2 is a longitudinal sectional view of a piston assembly of the vibration 
damper of Fig. 1; 

Fig. 3 is a partial view of an inner side of a piston ring in the area of the 
joint according to an embodiment of the present invention; 

Fig. 4 is a sectional view through the piston ring of Fig. 3 in the area of the 

joint; 

Fig. 5 is a partial sectional view of an inner side of a piston ring in the area 
of the joint according to a further embodiment of the present invention; 

Fig. 6 is a partial sectional view of an inner side of a piston ring in the area 
of the joint according to another embodiment of the present invention; and 

Fig. 7 is a partial sectional view of an inner side of a piston ring in the area 
of the joint according to yet another embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

[0014] Fig. 1 shows by way of example a piston-cylinder unit comprising a single- 
tube vibration damper 1 in which the inventive piston ring may be arranged. Although 
the single-tube vibration damper is shown, the invention is also applicable to other types 
of piston-cylinder units. 

[0015] The single-tube vibration damper 1 includes a pressure tube 3. A piston 5 
on a piston rod 7 is installed in the pressure tube 3 with freedom of axial movement. 
One end of the piston rod 7 extends out of the pressure tube 3 through a piston rod 
guide 9. A working space 1 1 which is filled with damping medium is closed by the 
pressure tube 3 and the piston rod guide 9. The working space 11 is separated by a 
separating piston 13 from a gas space 15 arranged at a bottom end of the pressure 
tube 3. A mounting ring 1 9 is arranged at the bottom of the pressure tube 3. 
[0016] When the piston rod 7 moves, damping medium in the working space 11 
is displaced through damping valves 21 in the piston 5 which are formed by valve disks 
23. A piston ring 25 covers a radially outward facing circumferential surface 23 of the 
piston 5 and prevents the medium from flowing laterally around the piston 5. 
[0017] Fig. 2 shows the piston 5 of Fig. 1 on the piston rod 7. A lateral surface 27 
of the piston ring 25 covers the circumferential surface 23 of the of the piston 5. The 
piston ring 25 has a U-shaped cross section with support segments 29, 31 which extend 
out from the lateral surface 27. Retaining surfaces 33, 35 of the support segments 29, 
31 engage with the top and bottom of the piston 5 and hold the piston ring 25 axially in 
place on the piston 5. 
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[0018] Fig. 3 shows an inner side of the piston ring 25 viewed radially outward 
from the inside of the piston ring. The piston ring 25 includes a joint 37 which has a first 
tongue 39 extending in the circumferential direction and a corresponding first opening 
41, so that the piston ring 25 can be expanded radially to allow assembly. Within the 
axial extent of the lateral surface 27, a second tongue 43 is arranged in series with the 
first opening 41 and the first tongue 39. The second tongue engages a second opening 
45. The second tongue 43 and the second opening 45 form a sealing surface 47 within 
the area of the lateral surface 27, the second tongue 43 being shorter in the 
circumferential direction than the first tongue 39. 

[0019] The support segments 29, 31 are located at the edges of the lateral 
surface 27 which covers the circumferential surface 23 of the piston 5. The support 
segments 29, 31 of the lateral surface extend in the circumferential direction as 
retaining segments 53, 55 along the edge of the first tongue 39. The retaining 
segments 53, 55 of the first tongue have retaining surfaces 57, 59 which are functionally 
identical to the support segments 29, 31 of the rest of the piston ring. The retaining 
surfaces 57, 59 rest against the top and bottom of the piston 5. Thus, the first tongue 
39 is held in a clearly defined axial position relative to the piston 5. 
[0020] To axially support the end of the piston ring 25 having the first opening 41 , 
carrier segments 61, 63 extending in the circumferential direction are provided at the 
first opening 41 . When the joint 37 is closed, the carrier segments 61 , 63 are supported 
axially on the retaining segments 53, 55 of the first tongue 39. The relationship 
between the carrier segments 61, 63 and retaining segments 53, 55 is shown in Fig. 4, 
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which shows a cross section through the joint 37. The carrier segments 61, 63 of the 
first opening 41, which continue into the support segments 29, 31, close off an axially 
oriented butt joint between the forward end of the first tongue 39 and the inner end 
surface of the first opening 41 . 

[0021] Centering webs 65, 67 may also be provided on the radially inner side of 
the retaining segments 53, 55. The centering webs 65, 67 proceed from the first tongue 
39 and engage radially with the carrier segments 61, 63. The first tongue 39 is thus 
prevented from expanding radially. If the centering webs 65, 67 are designed to extend 
over the entire length of the tongue 39, most of the butt joint extending in the 
circumferential direction can be closed. 

[0022] The shaded areas in Fig. 3 show open butt joints between the first tongue 
39 and the first opening 41 outside the lateral surface 27, one above the top of the 
piston, the other below the bottom, the size of which is a function of the tolerances of 
the piston ring, of the piston, and of the inside diameter of the cylinder. The damping 
medium can flow via the shaded cross sections between the first tongue and the first 
opening toward the other side of the piston. However, the sealing surfaces 47 
extending in the circumferential direction of the piston ring between the second tongue 
43 and the second opening 45 prevent the damping medium from reaching the other 
side. Thus leakage between the two sides of the piston 5 is effectively eliminated. To 
optimize the sealing action of the sealing surface 47, the height of the second tongue 43 
is preferably designed to form a slight press-fit in the second opening 45. In any case, 
however, the goal will be to select the tolerances of the two tongues 39, 43 and of the 
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two openings 41 , 45 in such a way that the second tongue 43 can always form a sealing 
surface for the first tongue 43 and also so that the second tongue 43 will not be lifted up 
by the carrier segments 61 , 63 on the retaining segments 53, 55. 
[0023] Fig. 5 shows a further embodiment of the present invention in which 
elements related to the above-described embodiment have the same reference 
characters with a suffix "a". In Fig. 5, a piston ring 25a includes a joint 37a between two 
ends thereof with a first tongue 39a engaging a first opening 41a and a second tongue 
43a engaging a second opening 45a. The second tongue 43a is oriented in the 
direction opposite that of the first tongue 39a. The second opening 45a is inside the 
first tongue 39a so that the first tongue 39a includes two individual tongues 391, 392, 
which form the lateral boundaries of the second opening 45a. This embodiment offers 
an advantage with respect to the amount of space required, especially in the sense that 
the joint 37a occupies a smaller section of the circumference than the joint 37 in the 
previous emboidment. 

[0024] Figure 6 shows a further embodiment of the present invention in which 
elements related to the above-described embodiment have the same reference 
characters with a suffix "b". The first and second tongues 39b, 43b of this embodiment 
are also oriented in opposite directions. Each tongue 39b, 43b extends all the way from 
the top or bottom of the piston to the sealing surface 47b and each has one of the 
retaining segments 53b, 55b with retaining surfaces 57b, 59b which engage with the top 
and bottom of the piston 5b. Because retaining segments 53b, 55b are present on both 
tongues 39b, 43b, the load capacity is very high. In addition, the dimensional accuracy 
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of the two tongues 39b, 43b can be maintained with considerable precision. The 
sealing surface 47b may also be considerably larger than that which is possible in the 
embodiments according to Figs. 3 and 5, because the facing edges 39R, 43R of the first 
and second tongues 39b, 43b form the sealing surface 47b, and because the size of 
this surface is determined by the length of the arc extending from the end surface of the 
first tongue 39b to the end surface of the second tongue 43b. 

[0025] Fig. 7 shows yet another embodiment of the present invention in which 
elements related to the above-described embodiment have the same reference 
characters with a suffix "c". This embodiment combines the advantages of the 
embodiments according to Figs. 5 and 6. Thus, a piston ring joint 37c has a step-like 
contour at least within the area of the lateral surface 27c. Accordingly, a first tongue 
39c and a second tongue 43c are arranged in series in the circumferential direction. 
The two tongues 39c, 43c have retaining segments 53c, 55c with retaining surfaces 
57c, 59c. The first and second openings 41c, 45c which engage the first and second 
tongues 39c, 43c are also adjacent to each other. An edge of each of the two tongues 
39c, 43c contacts an edge of an opening, wherein the edge 43R of the second tongue 
43c and the edge 45R of the second opening 45c form the sealing surface 47c. 
[0026] Because each tongue 39c, 43c rests against only one side of an opening, 
the piston ring 25c can be produced very easily. In addition, the tolerances for 
maintaining the sealing surface 47c can also be determined in a favorable manner. 
[0027] Thus, while there have shown and described and pointed out fundamental 
novel features of the invention as applied to a preferred embodiment thereof, it will be 
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understood that various omissions and substitutions and changes in the form and 
details of the devices illustrated, and in their operation, may be made by those skilled in 
the art without departing from the spirit of the invention. For example, it is expressly 
intended that all combinations of those elements which perform substantially the same 
function in substantially the same way to achieve the same results are within the scope 
of the invention. Moreover, it should be recognized that structures and/or elements 
shown and/or described in connection with any disclosed form or embodiment of the 
invention may be incorporated in any other disclosed or described or suggested form or 
embodiment as a general matter of design choice. It is the intention, therefore, to be 
limited only as indicated by the scope of the claims appended hereto. 
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